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The invention relates to a network connection comprising at least two wires 
for electrically connecting network users' in a network. 

Known network connections are constructed in such a way that they are 
suitable for data transmission through the two wires of the network connection. This has the 
5 drawback that both terminals of an energy power supply for the network users are to be 
realized via separate electric connections. 

It is an object of the invention to provide a network connection which is 
suitable for both data transmission and energy transfer. 

According to the invention, this object is solved in that the network connection 
10 has a symmetrical structure and the two wires are twisted, in that the wires are mutually 
insulated to such an extent that they are suitable for a symmetrical, differential data 
transmission, and in that the two wires have the same electrical resistance and jointly have a 
cross-section which is suitable for energy transfer from a terminal of a voltage source to 
network users via both wires. 
15 In this network connection, data can be transmitted through the two wires. 

Moreover, the energy transfer can jointly take place through the two wires in that a terminal 
of a voltage source is coupled to the two wires so that energy transfer to the network users 
can take place through these wires. 

For the energy transfer, the two wires jointly have such a cross-section that 
20 they are suitable for the currents flowing in response to the energy transfer. 

The data transmission is advantageously realized symmetrically and 
differentially. To this end, the two wires are mutually insulated. This insulation should only 
be sufficient for the relatively low data transmission voltages. It should particularly not be 
suitable for relatively high voltages of a power supply for the network users, because only 
25 one pole of a voltage source is jointly coupled through the two wires. 
4 Moreover, the two wires have the same electrical resistance in order that the 

symmetrical differential data transmission through the two wires has the same resistance. 
Moreover, the data transmission is thus not disturbed by the potential jumps which may occur 
as a result of the energy transfer. 
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The network connection has a symmetrical construction. This results in a high 
attenuation of disturbances of the power supply lines, which is achieved via a cancelling 
means ("Ausloschung"). 

To achieve a satisfactory decoupling with respect to external electric and 
5 magnetic fields, the two wires are advantageously twisted. This results in an improved 

mutual magnetic coupling of the two wires, which contributes to the signal-to-noise ratio of 
the data transmission. 

Since the load current for the energy supply is jointly passed through the two 
wires of the network connection, it is not desirable to use additional copper for this purpose. 
10 The overall cross-section of the two wires must only be chosen to be as large as the cross- 
section of a wire of a separate cable connection for the energy transfer. 

For the insulation between the two wires, a thin, inexpensive insulation is 
admissible because, on the one hand, only the low data transmission voltages are to be 
insulated and, on the other hand, only the communication rather than the energy supply drops 
15 out, even in the case of a failing insulation. 

As described in an embodiment as defined in claim 2, only one of the wires 
may be provided with an insulation for this purpose. 

Since the insulation can be formed in a relatively simple manner, a lacquer 
coating, a synthetic material coating or a tubing may be provided as insulations, as described 
20 in further embodiments of the invention. 

When stranded wires are used, they can be advantageously insulated by means 
of a cladding of one of the stranded wires or by means of an insulation between the two 
stranded wires, as described in a further embodiment of the invention as defined in claim 6. 

The network connection according to the invention may also be in a double 
25 form, as defined in claim 7. A pole for the energy supply is then coupled via one of the 

network connections. The data transmission may be realized in a redundant form through the 
two network connections so that the transmission reliability is enhanced. 

To simplify a contact of the network connection, for example, to a network 
coupler, the outer insulation and the twisting of the wires may be advantageously formed as 
30 defined in claim 8. 

The network connection according to the invention can be advantageously 
used in vehicles in which a pole for the power supply is coupled via the chassis of the 
vehicle. Then; both the data transmission and the power supply for the other pole can take 
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place via the network connection according to the invention. An additional cable connection 
with two wires for the power supply can then be dispensed with. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

Fig. 1 shows a network comprising a plurality of network users, among which 
a network connection according to the invention is established, 
10 Fig. 2 is a cross-section through a first embodiment of a network connection 

according to the invention, in which only one wire is insulated, 

Fig. 3 is a cross-section through a second embodiment of a network 
connection according to the invention, in which both wires are provided with a thin lacquer 
coating, and 

15 Fig. 4 is a cross-section through a third embodiment of a network connection 

according to the invention, in which the wires are formed as stranded wires. 



Fig. 1 shows a network connection according to the invention, with two wires 
20 1 and 2. The network connection has a star-shaped configuration and interconnects a plurality 
of network users 3, 4, 5 and 6. A further network user 7 is provided which is coupled to a 
terminal of a voltage source Ub and couples this terminal into the two wires 1 and 2 of the 
network connection. 

Via network couplers 8, the network users 3, 4, 5 and 6 are capable of 
25 coupling out the required energy symmetrically from the two wires 1 and 2 of the network 
connection. Furthermore, the network users 3, 4, 5 and 6 transmit data via the two wires 1 
and 2 of the network connection according to the invention, which is coupled in and coupled 
out via the network couplers and is formed in such a way that the data are transmitted 
symmetrically and differentially through the two wires 1 and 2. 
30 The other terminal of the voltage source Ub may be connected, for example, to 

the chassis of the vehicle comprising the network users 3 to 7. 

The circuit diagram shown in Fig. 1 illustrates that an additional cable 
connection with two wires for the transfer of energy may be dispensed with in the network 
connection according to the invention. One terminal for the power supply is coupled via the 
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two wires 1 and 2 of the network connection according to the invention, and the other 
terminal is coupled via the chassis of the vehicle. 

Due to the specific construction of the two wires 1 and 2 of the network 
connection according to the invention, which will be further described hereinafter, these 
5 wires 1 and 2 are also simultaneously suitable for a symmetrical, differential data 
transmission. 

This is particularly achieved in that the two wires 1 and 2 are symmetrical and 
the energy is transferred symmetrically through the two wires. Disturbances caused by the 
energy transfer thus do not affect the data transmission, because the differential, symmetrical 
10 transmission cancels the disturbances during the evaluation of the data transmission. 

The two wires 1 and 2 are mutually twisted so as to achieve a satisfactory 
decoupling from external electric magnetic fields. Moreover, the magnetic coupling between 
the two wires is thereby improved. 

The mutual insulation of the two wires may be relatively simple and thin 
15 because this insulation should only insulate the relatively low data transmission voltages. 
Since a pole for the power supply is jointly coupled through the two wires, these relatively 
high currents or voltages do not require insulations between the wires. 

Fig. 2 is a cross-section through a first embodiment 1 1 of a network 
connection according to the invention, with two wires 1 and 2. The two wires have the same 
20 cross-section and are electrically constructed in such a way that they have the same 
resistance. 

In the embodiment shown in Fig. 2, only one of the wires, namely the wire 1, 
is provided with a thin outer insulation 13. This insulation 13 may be, for example, an 
insulating tubing or a lacquer coating. This insulation 13 should only be formed in such a 
25 way that it is adequate for the opposite data transmission voltages occurring in the two wires 
1 and 2, which voltages are, however, relatively small. 

Furthermore, a joint outer insulation 16 is provided. 

The two wires 1 and 2 are mutually twisted in a way which is not further 
shown in Fig. 2. 

3° To make optically optimal connection points, for example, for network 

couplers or the like visible in the network connection, the outer insulation 16 may be 
advantageously formed in such a way that the position of the two wires 1 and 2 in the 
network connection is visible, i.e. the twisting is recognizable from the exterior. Moreover, 
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the twisting of the two wires may be advantageously interrupted so as to provide optimal 
connection points on the two wires 1 and 2. 

The cross-section through the first embodiment of the network connection 
according to the invention, as shown in Fig. 2, illustrates that both a data transmission and a 
terminal for a voltage source can be established via a network connection which is actually 
built up in a relatively simple manner, in which even the mutual insulation of the wires may 
be relatively simple. 

This is also shown by a second embodiment shown also in a cross-section in 
Fig. 3 of a network connection according to the invention which also comprises two wires 1 
and 2. However, in the second embodiment shown in Fig. 3, both wires 1 and 2 are provided 
with a thin outer insulation 21 and 22, respectively. For example, a thin lacquer coating 
which can be provided in a relatively easy way is sufficient for this purpose. Basically, this 
insulation may also consist of a synthetic material coating. It is alternatively possible to slide, 
for example, thin tubings on one or both wires 1 and 2. 

The complete network connection is surrounded by an outer insulation 21. 

Fig. 4 also shows, in a cross-section, an embodiment of a network connection 
according to the invention, in which the two wires 1 and 2 are constituted by stranded wires 
32 and 33. 

In Fig. 4A, the stranded wires 32 and 33 are mutually separated and insulated 
by means of an insulation 34. The complete stranded wires 32 and 33 are embedded in an 
insulation 35 so that they cannot move with respect to each other, and the insulation 34 
ensures a safe insulation of the two stranded wires 32 and 33 forming part of the two wires 1 
and 2. 

Fig. 4B is similar to Fig. 4A, showing wires 1 and 2 constituted by stranded 
wires 32 and 33. However, in this case, not only an insulation 34 as in Fig. 4 A is provided 
but also a cladding for one of the stranded wires. In the embodiment shown in Fig. 4B, the 
stranded wires 33 of the second wire 2 are completely insulated from the exterior by this 
cladding 36. Here again, the two stranded wires 32 and 33 are embedded in an outer 
insulation 35. 

All embodiments shown in the Figures show that the network connection 
according to the invention may have a relatively simple structure because only a simple 
insulation between the wires 1 and 2 is required. Nevertheless, it is suitable for data 
transmission as well as for energy transfer. 
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CLAIMS: 



1. A network connection comprising at least two wires (1,2) for electrically 
connecting network users (3, 4, 5, 6, 7) in a network, characterized in that the network 
connection has a symmetrical structure and the two wires (1, 2) are twisted, in that the wires 
(1, 2) are mutually insulated to such an extent (13; 21, 22; 34; 35) that they are suitable for a 

5 symmetrical, differential data transmission, and in that the two wires (1,2) have the same 
electrical resistance and jointly have a cross-section which is suitable for energy transfer 
from a terminal of a voltage source to network users (3, 4, 5, 6) via both wires (1, 2). 

2. A network connection as claimed in claim 1, characterized in that only one 
10 wire (1; 2) in the network connection is provided with an insulation (13; 21). 

3. A network connection as claimed in claim 2, characterized in that only one of 
the wires (1; 2) in the network connection is provided with a lacquer coating (21) used as an 
insulation. 

15 

4. A network connection as claimed in claim 2, characterized in that only of the 
wires (1; 2) in the network connection is provided with a synthetic material coating (13) used 
as an insulation. 

20 5. A network connection as claimed in claim 2, characterized in that only one of 

the wires (1; 2) in the network connection is surrounded by a tubing used as an insulation. 

6 - A network connection as claimed in claim 1, characterized in that the wires (1, 

2) in the network connection are formed as stranded wires (32, 33), and in that said stranded 
25 wires (32, 33) are mutually insulated by means of an insulation (34) or a cladding (36) of one 
of the stranded wires (32; 33). 
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7. A network connection as claimed in claim 1, characterized in that the network 

connection with two wires (1,2) each has a double form, and in that the two network 
connections are twisted. 

5 8. A network connection as claimed in claim 1, characterized in that the outer 

I insulation (16; 25; 35) of the network connection is formed in such a way that the position of 

the two wires (1, 2) in the network connection is visible and in that the twisting of the two 
wires (1, 2) is interrupted. 

10 9. Use of a twisted double cable as a network connection in a network, in which 

both a symmetrical, differential data transmission via the two wires (1,2) and an energy 
transfer from a terminal of a voltage source via the two wires (1, 2) of the network 
connection is realized. 

15 10. Use of a cable having at least two wires (1, 2) for electrically connecting 

network users (3, 4, 5, 6, 7) in a network, wherein the network connection has a symmetrical 
structure and the two wires (1, 2) are twisted, the wires (1,2) being mutually insulated to 
such an extent (13; 21, 22; 34; 35) that they are suitable for a symmetrical, differential data 
transmission, the two wires (1, 2) having the same electrical resistance and jointly having a 

20 cross-section which is suitable for energy transfer from a terminal of a voltage source to 
network users (3, 4, 5, 6) via both wires (1, 2). 

11. Use of a network connection as claimed in any one of claims 1 to 8, wherein 

the positive terminal is coupled to the network users via the network connection, and wherein 
25 the negative terminal of the voltage source is coupled to the network users via the chassis of 
the vehicle. 
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© Methods and apparatus are provided for provid- 
ing an electrically matched pair (20) of insulated 
metallic conductors (21, 21). Insulation is applied to 
successive portions of a length of wire-like metallic 
conductor (22) after which a colorant material (37) is 
applied to the surface of a plastic insulation material 
of a first portion of the length of the metallic conduc- 
tor which is being moved along a path of travel. 
Facilities are provided for shielding a supply of the 
colorant material from the moving insulated metallic 
conductor and for then exposing a second portion of 
the length of the insulated metallic conductor to a 
different colorant material. The insulation and the 
colorant materials and their disposition with respect 
to the insulation are such that the dielectric constant 
of one insulated metallic conductor of the pair is 
substantially equal to that of the other. The first and 
second portions of the length of the insulated metal- 
lic conductor are separated from each other and are 
twisted together to provide an electrically matched 



pair. 



fig. 
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Technical Field 

This invention relates to twisted pairs of in- 
sulated metallic conductors for transmitting high 
frequency signals and methods of making same. 

Background of the Invention 

A technical objective, that is also economically 
important, is to be able to make a cable comprising 
a twisted insulated metallic conductor pair or pairs 
as small as possible that is capable of transmitting 
data at a maximum rate. In order to provide a 
twisted pair cable being capable of transmitting 
digital signals at the highest rate for the maximum 
distance and also being as small as possible, in- 
sulating material with relatively low dielectric con- 
stant and low power factor is sought for the metal- 
lic conductor. 

The advantages of relatively high bit rate trans- 
mission can be realized only if electrically balanced 
pairs can be produced. Pair balance means that 
one insulated conductor of a pair should be sub- 
stantially identical to the other a difficult objec- 
tive. In addition to good pair balance, maximizing 
both bit rate transmission and distance capability 
requires suitable crosstalk control. This carries with 
it a need for short pair twists which enhance the 
electrical characteristics of the pair as well as pre- 
venting the pairs from becoming untwisted. 

Also desired is the ability to distinguish one 
conductor of a pair from another by sight. There is 
a basic conflict between the sight coding of in- 
sulated conductors and pair balance needed to 
provide electrically matched pairs. Sight coding 
involves making one insulated conductor of a pair 
appear differently from the other insulated conduc- 
tor of the same pair. Striving for the required pair 
balance involves making one insulated conductor of 
a pair identical in every respect except appearance 
to the other conductor. The very best pair balances 
have been achieved with electrically matched pairs, 
i.e. the two insulated conductors of a pair taken 
successively from a single length of wire on the 
same insulating manufacturing line. Although elec- 
trically matched pairs produce the very best pair 
balance, the two resulting conductors have had the 
same color thereby making it impossible to sight 
distinguish between them. 

Of importance with respect to colored insula- 
tion are electrical properties of cable which include 
such insulated conductors. One electrical property 
is capacitance. Capacitance is an effect somewhat 
similar to the magnetic field known to exist around 
a current-carrying conductor. The capacitive effect 
results from electrostatic charges on adjacent sur- 
faces, such as metallic conductors in a pair or 
pairs. Electronic wires and cables by nature de- 



velop capacitive effects whenever current is flow- 
ing. Although it is impossible to eliminate capaci- 
tance, certain factors can be adjusted to achieve an 
acceptable level. 
5 It is known that the inclusion of different col- 

orant pigments in the composition of the insulation 
for purposes of distinguishing one conductor of a 
pair from the other compromises the electrical 
properties of the insulated conductor discussed 

10 hereinbefore. Conductor insulation which has a pig- 
ment dispersed throughout adversely affects elec- 
trical properties such as capacitance. Pigments of 
different color concentrates affect capacitance and 
processing differently. Achieving lower capacitance 

15 values has resulted in higher manufacturing costs 
whereas higher values cause increased attenuation. 

The problems of the application of colorant 
materials to a moving insulated metallic conductor 
and of the effect of pigments dispersed throughout 

20 the insulation on electrical properties of the in- 
sulated conductor have been solved by the ap- 
plication of a colorant material to the surface of a 
moving insulated conductor which may be referred 
to as topcoating, for example. See U.S. patent 

25 4,877,645. 

Topcoating materially reduces scrap rates be- 
cause the coloring is applied to the outside of the 
just-insulated conductor and therefore obviates the 
need to adjust insulating conditions for different 

30 colors and also the wasteful purging of an extruder 
for a color change. 

With topcoating, it may be necessary first to 
tint the insulation with white color concentrates to 
hide the copper conductor. Here, it may be noted 

35 that copper wire can vary significantly from the 
familiar bright, shiny copper color to a dark, pur- 
plish brown. Because many desirable insulating 
materials are fairly transparent, providing a con- 
stant white base is helpful in achieving bright, easi- 

40 ly distinguished colors. Placed on a white plastic 
material, for example, a topcoating satisfactorily 
produces readily distinguishable colors with ac- 
ceptable adherence to the insulation and can be 
produced with acceptable processing yields. 

45 The state of the art then is that there exist 

excellent materials which may be used for insula- 
tion as well as methods for causing these conduc- 
tors to be identifiable. These materials and meth- 
ods of coloring are advances in the quest for 

so insulated metallic conductors which can transmit 
digital signals over long distances at the highest 
rate. 

What is sought after and what seemingly is not 
provided for in the prior art is an electrically 
55 matched insulated metallic conductor pair in which 
the two insulated conductors of a pair are distin- 
guishable. Desirably the matched pair is made 
from successive portions of a single length of me- 
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talllc wire which is processed in sequential steps 
on an insulating line. Further what is sought after is 
a differentiation between the conductors of the pair 
without adversely affecting electrical properties of 
the insulated metallic conductors. 

Summary of the Invention 

The foregoing problems of the prior art have 
been overcome by the electrically matched in- 
sulated metallic conductor twisted pair as set forth 
in claim 1. A method of making such an insulated 
conductor is set forth in claim 8. 

Brief Description of the Drawing 

FIG. 1 is an end cross sectional view of an 
insulated metallic conductor twisted pair which 
has been enclosed with plastic insulation ma- 
terial and provided with a surface colorant; 
FIG. 2 is an electrical schematic representation 
of two conductors and a shield and showing the 
capacitance between metallic elements thereof; 
FIG. 3 is a schematic view of a manufacturing 
line for making a continuous length of insulated 
metallic conductor having successive portions 
thereof colored differently; 
FIG. 4 is a perspective view of apparatus for 
applying a colorant material to a moving in- 
sulated metallic conductor; 
FIG. 5 is an enlarged view of one of a plurality 
of nozzles for supplying a colorant material to a 
moving insulated metallic conductor; 
FIG. 6 is a perspective view of an arrangement 
of two sets of nozzles for applying a colorant 
material to a moving insulated metallic conduc- 
tor; and 

FIG. 7 is a front elevational view of a colorant 
application apparatus which includes provisions 
for changing colorant materials which are ap- 
plied to a moving insulated metallic conductor. 

Detailed Description 

Referring now to FIG. 1, there is shown an 
electrically matched insulated metallic conductor 
twisted pair designated generally by the numeral 
20. The twisted pair 20 includes two identifiable 
insulated metallic conductors 21-21, each including 
a metallic conductive portion 22, which have been 
twisted together with a desired twist length. Each 
insulated conductor of the pair is visually distin- 
guishable from the other conductor of the pair. 

Capacitance balance or unbalance of twisted 
pairs has long been studied in connection with 
combating interferences to voice and carrier fre- 
quencies. However, one aspect of capacitance bal- 
ance, balanced dielectric constant, becomes in- 
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creasingly important as the transmitted frequencies 
increase. Twisted pairs now are to be used to 
transmit 100 megabit per second Fiber Distributed 
Data Interface (FDDI) signals and have been shown 

5 to be suitable to transmit one gigabit per second 
signals. It will be of importance in transmitting 
these frequencies that the distinguishable insula- 
tions of the two conductors of a pair have nearly 
identical dielectric constants. 

io Referring now to FIG. 2 the mutual capacitance 

of an insulated metallic conductor pair is the sum 
of the capacitance of one conductor to the other, 
C D , and the series combination of the capacitance 
of each conductor to earth. The capacitance of one 

is conductor of the pair to the other conductor, is 
important but does not contribute to the capaci- 
tance to earth. A twisted pair is said to have perfect 
capacitance balance if the capacitance of one con- 
ductor to earth, 

20 

is equal to the capacitance of the other conductor 
25 to earth, 

30 Assuming that the elements of the pair are circular 
and concentric, the capacitance to earth is a func- 
tion of the conductor diameter, the insulation diam- 
eter, the distance of the pair to ground or to a 
shield, and the dielectric constant of the insulation. 

35 From voice frequencies to about 100 kHz, simple 
capacitance balance is adequate to cancel interfer- 
ences. However, differences in the dielectric con- 
stant of the insulations of the two conductors be- 
come increasingly important, possibly even control- 

40 ling, as the transmitted frequencies increase and as 
the series combination of the capacitance of each 
conductor to earth increases. 

The importance of equal dielectric constant be- 
tween insulated conductors of a pair is a function of 

45 two parameters, i.e. the system in which the pair is 
to be used and the pair design. As will be discused 
hereinafter, a measure of the system importance is 
the number of wavelengths between a signal 
source and a receiver. 

so With regard to pair design, equal dielectric 

constant of the insulations of the two conductors is 
least important in designs in which most of the 
mutual capacitance is due to the capacitance be- 
tween conductors and is most important in designs 

55 in which most of the mutual capacitance is due to 
the capacitances of the conductors to ground. In 
other words, the sensitivity of a design to variation 
in dielectric constant is measured by the ratio 
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Cg, /Cd or C Gs /C d . 

An unshielded twisted pair suspended in air repre- 
sents a design least susceptible to dielectric con- 
stant variations- An individually shielded pair repre- 
sents a design most susceptible to these variations. 
While the two extreme designs may differ by an 
order of magnitude in their susceptibility, uniform 
dielectric constant becomes important for any 
twisted pair design when transmitting at very high 
bit rates. The greater the proportion of mutual 
capacitance that is due to the series combination of 
capacitance of each conductor to earth, the more 
important it becomes to have equality between the 
dielectric constants of the conductor insulation cov- 
ers of a twisted pair. 

A pair design which has mutual capacitance 
consisting solely of capacitance to ground without 
any direct conductor-to-conductor capacitance may 
be formed by twisting together two coaxial cables. 
It is well known that a high frequency signal in a 
coaxial cable propagates at the velocity of light 
divided by the square root of the dielectric con- 
stant. Consider two cases. The first is one in which 
the frequency and the distance between signal 
source and receiver are such that there are 10 
wavelengths in the span, and the second is one in 
which the frequency and distance between signal 
source and receiver are such that there are 100 
wavelengths in the span. In the first case there is 
3,600 • of phase shift between source and receiver. 
In the second case there is 36,000 ° of phase shift 
between source and receiver. If a phase difference 
of, say, 6° is critical, the first system requires that 
the signal velocities of the two conductors be 
matched to 6/3,600, or one part in 600. The second 
system requires that the signal velocities be 
matched to 6/36,000 or one part in 6000. Thus, it is 
clear that the greater the number of wavelengths 
between signal source and receiver, the more criti- 
cal becomes the match between the phase veloci- 
ties, and therefore the dielectric constants, of the 
two insulated conductors of a pair. 

Good pair balance entails the same ratio of the 
diameter of the insulated conductor to the diameter 
of the metallic conductor for both insulated conduc- 
tors and substantially the same dielectric constant, 
both of which are achieved with the present inven- 
tion. A uniform dielectric constant is especially 
critical because each conductor of the pair carries 
half the signal and each half must maintain its 
phase with respect to the other half. A uniform 
dielectric constant may be achieved by causing the 
conductor insulation and any distinguishment 
means such as colorant material to be uniform 
along the two lengths which comprise the twisted 
pair. 
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Going now to FIG. 3, a wire-like metallic con- 
ductor 22 is moved along an insulating line 23 from 
a supply reel 24 and advanced through a drawing 
apparatus 25 wherein the diameter of the wire is 
5 reduced. Thereafter, it is annealed in an annealer 
26, then cooled and reheated to a desired tempera- 
ture after which is it moved into and through an 
extruder 28. 

In the extruder 28, a plastic insulating material 

w is applied to the moving wire to enclose it to 
provide an insulated metallic conductor 30. The 
details of the structure of the drawing apparatus, 
annealer and extruder are all well known in the art 
and do not require elaboration herein. Afterwards, 

75 the plastic insulated wire is moved through a cool- 
ing trough 31 by a capstan 33 and onto a takeup 
35. A conventional marking device 32 may be used 
to apply a band marking to the insulation. 

Desirably, the insulating material is a clear or 

20 neutral color or a white color plastic fluoropolymer 
material. With these criteria in mind, Teflon® plas- 
tic material is clearly an example of one of the best 
available insulation materials. Also, it is an excellent 
material in terms of strength, resistance to chemi- 

25 cal attack and fire retardancy. In the preferred 
embodiment, the insulating material may be per- 
fluoroalkoxytetrafluoroethylene (PFA), fluorinated 
ethylene-propylene (FEP) or ethylene 
tetrafluoroethylene copolymer (ETFE). 

30 Teflon plastic material can be pigmented with a 

white color concentrate. Some advantages of hav- 
ing only a white color insulation are ease of pro- 
cessability, ease of coloring, hiding power of cop- 
per variability and uniformity of electrical prop- 

35 erties. Some color concentrates other than white 
are more difficult to process. Also, a complete 
palette of colors made using color concentrates 
would entail unwanted variations in dielectric prop- 
erties 

40 There are insulation materials other than Teflon 

plastic which will benefit from this manufacturing 
process and will provide similar electrical advan- 
tages. Other such insulation materials include poly- 
ethylene, polypropylene, and HALAR® 

45 fluoropolymer. 

Teflon plastic material has proven difficult to 
color by pigmenting throughout the insulation with 
color concentrates. Color concentrates for colors 
that present the most problems have two melt 

so phases. If temperatures are raised enough to obtain 
complete melting, gases are produced; at lower 
temperatures, small unmelted chunks appear as 
inclusions in the insulation. 

Variability between different colored color con- 

55 centrates, which typically have been included in 
the insulation, causes variations in capacitance. 
However, the greater the distance from the metallic 
conductor, the less effect there is on the capaci- 

4 
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tance. Thus, pigment variability tor a topcoated 
insulated conductor has an insignificant effect on 
the capacitance of the pair because of the distance 
of the surface coating to the metallic conductors. 

Between the extruder 28 and the takeup 35, a 
colorant material 37 (see FIG. 1) is applied such as 
in a layer to an outer surface the plastic insulated 
wire and provide an identifiable insulated conductor 
21. The location along the line 23 where it is 
applied depends on the kind of plastic material 
comprising the extrudate. Inasmuch as in the pre- 
ferred embodiment, the insulation comprises a 
fluoropolymer, which is non-porous, the colorant 
material is applied at a location between the ex- 
truder 28 and the cooling trough 31 . 

Notwithstanding its location, a colorant material 
application apparatus 40 is included in the line 23 
and is effective to apply a colorant material to 
cover substantially the entire surface area of the 
moving insulated conductor 30. Advantageously, 
the application apparatus 40 is a non-contact de- 
vice. Preferably, the colorant material is an ink 
such as No. 3516, for example, commercially avail- 
able from GEM Gravure Co. of West Hanover, 
Mass. 

As can best be seen in FIG. 4, the apparatus 
40 includes a manifold head 42 which is connected 
to a source of supply {not shown) of colorant ma- 
terial. The manifold head 42 has an annular shape 
to allow the plastic insulated conductor to be ad- 
vanced therethrough. Extending from one side of 
the manifold head 42 are a plurality of tubular 
support members 44-44 which are connected 
through the manifold head to the source of supply. 
Attached to each tubular member 44 is a nozzle 46 
which has an entry port that communicates with the 
passageway through its associated tubular mem- 
ber. 

Each nozzle 46 is one which is adapted to 
provide a particular spray pattern of the colorant. 
Preferably the nozzle 46 emits colorant material 
therefrom in a single plane or sheet 45 (see FIGS. 
4 and 5). 

Also, each nozzle 46 is positioned on its asso- 
ciated tubular member to emit its spray in a plane 
which is at a particular angle a (see FIG. 5) to the 
path of travel of the plastic insulated wire. The 
angle a is such that the spray has a component 
parallel to the path of travel of the insulated wire 
but in a direction opposite to the direction of move- 
ment of the insulated wire. Preferably, that angle a 
is in the range of about 105* to 135 Q . Because of 
the direction of the spray pattern, the velocity com- 
ponents tend to provide a smoothing action on the 
ink and thereby prevent excessive buildup. The 
result is a surface having a substantially uniform 
coating thereon. 

It should be also observed that in addition to 



the predetermined angle at which the nozzles are 
disposed, there are other factors about their posi- 
tions which are important (see again FIGS. 4 and 
5). First, the nozzles are staggered along the path 

5 of travel of the plastic insulated wire. The stag- 
gered arrangement prevents interference among 
the spray patterns. Secondly, the nozzles are gen- 
erally equiangularly spaced about the periphery of 
the plastic insulated wire. Thirdly, each of the noz- 

10 zles is spaced about one half inch from the path of 
travel of the insulated wire. It has been found that 
as the distance increases beyond one half inch, 
less coverage of the plastic insulation with the ink 
is experienced. 

75 Movement of the nozzles toward or away from 

the insulated wire 21 may be accomplished with an 
arrangement depicted in the aforementioned U.S. 
patent 4,877,645. 

The nozzles 46-46 also are advantageous from 

20 another standpoint. Important to the uniform coat- 
ing of the plastic insulation is its improved stability 
against undesired undulations as it is advanced 
through the applicator apparatus. It has been found 
that because of the spray patterns emitted from the 

25 nozzles 46-46, the plastic insulated wire is substan- 
tially free of any undulations from its desired path. 
It should be observed from the drawings that the 
nozzles 46-46 are disposed between the manifold 
head 42 and the takeup. It has been found that the 

30 coloring operation is enhanced by disposing a sec- 
ond plurality 51 of spray nozzles (see FIG. 6) 
between the manifold head 42 and the extruder 28. 
Each of the nozzles of the second plurality 51 is 
designated by the numeral 50. 

35 Unlike the nozzles 46-46, each of the nozzles 

50-50 provides a solid cone-shaped spray pattern 
53 of the colorant material. Each nozzle 50 pro- 
vides a uniform spray of medium to large size 
droplets. Such a nozzle is commercially available, 

40 for example, from the Spraying System Company 
of Wheaton, Illinois under the designation Full Jet® 
nozzle. Spray angles between opposed lines on the 
outer surface of the spray pattern may be in the 
range of from about 40 * to about 110*. 

45 Also as can be seen in FIG. 6, each nozzle 50 

is supported from a tubular member 52 which 
projects from the manifold head 42. Colorant ma- 
terial provided to the head 42 is caused to flow 
through each of the tubular members 52-52 and to 

so the nozzles 50-50. 

The nozzles 50-50 are disposed to reduce in- 
terference among the spray patterns and to en- 
hance the coverage of the colorant material on the 
surface of the plastic insulated wire. As can be 

55 seen in FIG. 6, the nozzles are staggered along the 
path of travel of the plastic insulated wire such that 
the spray patterns are spaced apart. Also, the 
nozzles 50-50 are arranged about the path of travel 



BNSDOCID: <EP_0520680A2_I_> 



9 



EP 0 520 680 A2 



10 



of the insulated wire so that each is directed in a 
different radial direction and preferably so that they 
are spaced equiangularly about the moving wire. 

Although the nozzles 50-50 enhance the cov- 
erage of the surface area of the plastic insulation, 
they also tend to cause undulatory movement of 
the traveling insulated wire. However, this effect is 
muted by the nozzles 46-46 each of which pro- 
vides a sheet spray. 

The system of this invention includes facilities 
for effecting cutover from one colorant material to 
another as the insulated wire continues to be 
moved along the path of travel. A second manifold 
head 58 (see FIG. 7) identical to the manifold head 
42 and having first and second pluralities of noz- 
zles is provided. Further, a shroud 60 which is 
mounted for reciprocal movement by an air cyl- 
inder 62, for example, is interposed between the 
two manifold heads. The manifold head 58 is oper- 
ative to supply colorant to its associated nozzles to 
coat the wire insulation. When it is desired to 
change colors, the flow of colorant material to the 
head 42 currently not in use is begun and the air 
cylinder is controlled to cause the shroud to be 
moved to the right as viewed in FIG. 7 to shield the 
moving insulated wire from the nozzles 46-46 and 
50-50 of the head 58. The colorant material to the 
head 42 from which the shroud has been moved is 
sprayed by its associated nozzles onto the moving 
insulated wire. Shortly, afterwards, the flow of col- 
orant material to the head 58 is discontinued. 

Advantageously, the shroud arrangement may 
be used to facilitate the cleaning of the apparatus. 
When one of the heads 42 or 58 is not in use and 
its nozzles shrouded from the moving insulated 
wire, a cleaning liquid is flowed through the tubular 
members and nozzles of the unused head to clean 
them. 

Because of the cutover facilities of FIG. 7, a 
continuous length of insulated metallic conductor 
may have different colorant materials applied to 
successive portions of the length thereof. Subse- 
quently, two portions of the insulated metallic con- 
ductor are separated from each other and the two 
portions twisted together by an apparatus well 
known in the art to provide an electrically matched 
pair manufactured on the same line and from a 
single run of an insulated metallic conductor with 
no other variables being introduced. 

In the alternative, when the cutover apparatus 
of FIG. 7 is controlled to change from one applica- 
tion head to another, an automatic takeup appara- 
tus is controlled to cause a cutover to another 
takeup reel after a predetermined time. That time is 
needed for the length of insulated conductor col- 
ored by the first head to be advanced onto one 
takeup reel before cutover to a second takeup reel. 
Subsequently, the two reels are mounted in a twist- 



ing apparatus (not shown) which is operated, to 
cause the two lengths of differently colored con- 
ductor lengths to be twisted together. 

As a result of the foregoing methods, an elec- 

5 trically matched twisted pair is provided. The in- 
sulation applied by the same extruder to succes- 
sive portions of length of a metallic conductor and 
the colorant material applied to an outer surface of 
each insulated portion results in substantially equal 

io dielectric constants between the two colored, in- 
sulated conductors. Of significant importance to the 
capability of distinguishing between two successive 
portions of the length of the metallic conductor is 
the ability to be able to shift quickly from the 

75 application of a form of identification to another 
such as the ability to change colorant materials 
quickly. 

Claims 

20 

1. An electrically matched, insulated metallic con- 
ductor pair which is suitable for the transmis- 
sion of relatively high frequency signals, said 
conductor pair comprising first and second in- 

25 sulated metallic conductors each comprising a 

metallic conductor, and an insulation material 
which covers the metallic conductor; said 
matched conductor pair being characterized by 
said first metallic conductor being distinguish- 

30 able from said second insulated metallic con- 

ductor and the dielectric constant of the insula- 
tion material which is disposed about the me- 
tallic conductor of the first insulated metallic 
conductor and any identifiable marking asso- 

35 ciated therewith being substantially equal to 

the dielectric constant of the insulation material 
which is disposed about the metallic conductor 
of the second insulated metallic conductor and 
any identifiable marking associated therewith; 

40 and 

further said first and second insulated me- 
tallic conductors comprising successive por- 
tions of a continuous length of metallic conduc- 
tor which has been insulated in a single run on 
45 a manufacturing line. 

2. The matched insulated metallic conductor 
twisted pair of claim 1 , wherein 

a surface layer of a colorant material is 
so confined substantially to an outer surface of 

the insulation material of each insulated con- 
ductor maximizing the distance of each metal- 
lic conductor to the colorant material, the col- 
orant material of the second insulated conduc- 
55 tor being distinguishable from the colorant ma- 

terial of said first insulated metallic conductor. 

3. The electrically matched pair of claim 2, 
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wherein the insulation material of each insu- 
lated conductor is substantially non-porous. 

4. The electrically matched pair of claim 2, 
wherein said surface layer of each insulated 5 
conductor comprises an ink. 

5. A method of making an electrically matched, 
twisted pair of insulated metallic conductors, 

said method comprising the steps of causing to 
relative motion between a length of metallic 
conductor and a source of insulating material 
along a path of travel in a direction along the 
longitudinal axis of the metallic conductor cor- 
ner; while applying an insulating material to 75 
successive portions of the length of metallic 
conductor to provide a length of insulated me- 
tallic conductor, said method being character- 
ized by the steps of: 

causing a portion of the length of the in- 20 
sulated metallic conductor to be distinguish- 
able from the insulation material of a succes- 
sive portion of the length such that the dielec- 
tric constant of the insulation material which is 
disposed about the metallic conductor of said 25 
portion and any identifiable marking associated 
therewith is substantially equal to the dielectric 
constant of the insulation material which is 
disposed about the metallic conductor of said 
successive portion and any identifiable mark- 30 
ing associated therewith; and 

twisting together the successive portions 
of the length of the insulated metallic conduc- 
tor to provide an electrically matched pair. 

35 

6- The method of claim 5 said method compris- 
ing the steps of: 

causing relative motion between the length 
of insulated metallic conductor and a source of 
colorant materials along a path of travel in a 40 
direction along the longitudinal axis of the in- 
sulated metallic conductor; while 

directing a spray pattern of a first colorant 
material toward the first portion of the length of 
the insulated metallic conductor to cause the 45 
first colorant material to be applied to the first 
portion of the length of the insulated metallic 
conductor; 

directing a spray pattern of a second col- 
orant material toward the second, successive so 
portion of the length of the insulated metallic 
conductor to apply the second colorant ma- 
terial to the second, successive portion of the 
length; 

taking up the first and second portions of 55 
the length of the insulated metallic conductor; 
and 

twisting together the two successive por- 
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tions of the length of the surface colored in- 
sulated metallic conductor to provide an elec- 
trically matched pair. 

7. The method of claim 5, which includes the 
steps of 

directing spray patterns of one colorant 
material toward the first portion of the length of 
the insulated metallic conductor in such a 
manner that at least each of a plurality of the 
spray patterns occupies only an area of a 
plane and such that the direction of each of the 
plurality of spray patterns is at a predeter- 
mined angle to the path of travel, the plurality 
of spray patterns of the plurality being stag- 
gered along and spaced generally equiangular- 
ly about the path of travel and cooperating to 
prevent unintended undulations of the insulated 
metallic conductor as the relative motion is 
caused to occur, wherein the one colorant ma- 
terial is moved from a source into a manifold 
and distributed to each of a plurality of spray 
nozzles and said method further includes the 
steps of interposing a shield between the in- 
sulated metallic conductor and the nozzles of 
the manifold and thereafter causing another 
colorant material to be emitted from nozzles 
associated with another manifold and directed 
toward the second portion of the length of the 
insulated metallic conductor; then 

taking up the first and second portions of 
the length of surface colored insulated metallic 
conductor; and 

twisting together the two successive por- 
tions of the length. 

8. The method of claim 7, wherein first and sec- 
ond pluralities of spray patterns are associated 
with each manifold arranged along the path of 
travel with the spray patterns of each plurality 
being spaced apart along the path of travel, 
the spray patterns of the first plurality each 
being in a single plane and at a predetermined 
angle to the path of travel. 

9. The method of claim 8, wherein each of the 
second plurality of spray patterns has a solid 
conical shape. 

10. The method of claim 7, wherein the distance 
between the point at which each spray pattern 
is emitted and the insulated metallic conductor 
may be varied. 
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second portions of the length of the insulated metal- 
lic conductor are separated from each other and are 
twisted together to provide an electrically matched 
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The invention relates to a network connection comprising at least two wires 
for electrically connecting network users' in a network. 

Known network connections are constructed in such a way that they are 
suitable for data transmission through the two wires of the network connection. This has the 
5 drawback that both terminals of an energy power supply for the network users are to be 
realized via separate electric connections. 

It is an object of the invention to provide a network connection which is 
suitable for both data transmission and energy transfer. 

According to the invention, this object is solved in that the network connection 
10 has a symmetrical structure and the two wires are twisted, in that the wires are mutually 
insulated to such an extent that they are suitable for a symmetrical, differential data 
transmission, and in that the two wires have the same electrical resistance and jointly have a 
cross-section which is suitable for energy transfer from a terminal of a voltage source to 
network users via both wires. 
15 In this network connection, data can be transmitted through the two wires. 

Moreover, the energy transfer can jointly take place through the two wires in that a terminal 
of a voltage source is coupled to the two wires so that energy transfer to the network users 
can take place through these wires. 

For the energy transfer, the two wires jointly have such a cross-section that 
20 they are suitable for the currents flowing in response to the energy transfer. 

The data transmission is advantageously realized symmetrically and 
differentially. To this end, the two wires are mutually insulated. This insulation should only 
be sufficient for the relatively low data transmission voltages. It should particularly not be 
suitable for relatively high voltages of a power supply for the network users, because only 
25 one pole of a voltage source is jointly coupled through the two wires. 

Moreover, the two wires have the same electrical resistance in order that the 
symmetrical differential data transmission through the two wires has the same resistance. 
Moreover, the data transmission is thus not disturbed by the potential jumps which may occur 
as a result of the energy transfer. 
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The network connection has a symmetrical construction. This results in a high 
attenuation of disturbances of the power supply lines, which is achieved via a cancelling 
means ("Ausloschung"). 

To achieve a satisfactory decoupling with respect to external electric and 
5 magnetic fields, the two wires are advantageously twisted. This results in an improved 

mutual magnetic coupling of the two wires, which contributes to the signal-to-noise ratio of 
the data transmission. 

Since the load current for the energy supply is jointly passed through the two 
wires of the network connection, it is not desirable to use additional copper for this purpose. 
10 The overall cross-section of the two wires must only be chosen to be as large as the cross- 
section of a wire of a separate cable connection for the energy transfer. 

For the insulation between the two wires, a thin, inexpensive insulation is 
admissible because, on the one hand, only the low data transmission voltages are to be 
insulated and, on the other hand, only the communication rather than the energy supply drops 
15 out, even in the case of a failing insulation. 

As described in an embodiment as defined in claim 2, only one of the wires 
may be provided with an insulation for this purpose. 

Since the insulation can be formed in a relatively simple manner, a lacquer 
coating, a synthetic material coating or a tubing may be provided as insulations, as described 
20 in further embodiments of the invention. 

When stranded wires are used, they can be advantageously insulated by means 
of a cladding of one of the stranded wires or by means of an insulation between the two 
stranded wires, as described in a further embodiment of the invention as defined in claim 6. 

The network connection according to the invention may also be in a double 
25 form, as defined in claim 7. A pole for the energy supply is then coupled via one of the 

network connections. The data transmission may be realized in a redundant form through the 
two network connections so that the transmission reliability is enhanced. 

To simplify a contact of the network connection, for example, to a network 
coupler, the outer insulation and the twisting of the wires may be advantageously formed as 
30 defined in claim 8. 

The network connection according to the invention can be advantageously 
used in vehicles in which a pole for the power supply is coupled via the chassis of the 
vehicle. Then; both the data transmission and the power supply for the other pole can take 
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place via the network connection according to the invention. An additional cable connection 
with two wires for the power supply can then be dispensed with. 

These and other aspects of the invention are apparent from and will be 
elucidated with reference to the embodiments described hereinafter. 

5 

In the drawings: 

Fig. 1 shows a network comprising a plurality of network users, among which 
a network connection according to the invention is established, 
10 Fig. 2 is a cross-section through a first embodiment of a network connection 

according to the invention, in which only one wire is insulated, 

Fig. 3 is a cross-section through a second embodiment of a network 
connection according to the invention, in which both wires are provided with a thin lacquer 
coating, and 

15 Fig. 4 is a cross-section through a third embodiment of a network connection 

according to the invention, in which the wires are formed as stranded wires. 



Fig. 1 shows a network connection according to the invention, with two wires 
20 1 and 2. The network connection has a star-shaped configuration and interconnects a plurality 
of network users 3, 4, 5 and 6. A further network user 7 is provided which is coupled to a 
terminal of a voltage source Ub and couples this terminal into the two wires 1 and 2 of the 
network connection. 

Via network couplers 8, the network users 3, 4, 5 and 6 are capable of 
25 coupling out the required energy symmetrically from the two wires 1 and 2 of the network 
connection. Furthermore, the network users 3, 4, 5 and 6 transmit data via the two wires 1 
and 2 of the network connection according to the invention, which is coupled in and coupled 
out via the network couplers and is formed in such a way that the data are transmitted 
symmetrically and differentially through the two wires 1 and 2. 
30 The other terminal of the voltage source Ub may be connected, for example, to 

the chassis of the vehicle comprising the network users 3 to 7. 

The circuit diagram shown in Fig. 1 illustrates that an additional cable 
connection with two wires for the transfer of energy may be dispensed with in the network 
connection according to the invention. One terminal for the power supply is coupled via the 
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two wires 1 and 2 of the network connection according to the invention, and the other 
terminal is coupled via the chassis of the vehicle. 

Due to the specific construction of the two wires 1 and 2 of the network 
connection according to the invention, which will be further described hereinafter, these 
5 wires 1 and 2 are also simultaneously suitable for a symmetrical, differential data 
transmission. 

This is particularly achieved in that the two wires 1 and 2 are symmetrical and 
the energy is transferred symmetrically through the two wires. Disturbances caused by the 
energy transfer thus do not affect the data transmission, because the differential, symmetrical 
10 transmission cancels the disturbances during the evaluation of the data transmission. 

The two wires 1 and 2 are mutually twisted so as to achieve a satisfactory 
decoupling from external electric magnetic fields. Moreover, the magnetic coupling between 
the two wires is thereby improved. 

The mutual insulation of the two wires may be relatively simple and thin 
15 because this insulation should only insulate the relatively low data transmission voltages. 
Since a pole for the power supply is jointly coupled through the two wires, these relatively 
high currents or voltages do not require insulations between the wires. 

Fig. 2 is a cross-section through a first embodiment 11 of a network 
connection according to the invention, with two wires 1 and 2. The two wires have the same 
20 cross-section and are electrically constructed in such a way that they have the same 
resistance. 

In the embodiment shown in Fig. 2, only one of the wires, namely the wire 1, 
is provided with a thin outer insulation 13. This insulation 13 may be, for example, an 
insulating tubing or a lacquer coating. This insulation 13 should only be formed in such a 
25 way that it is adequate for the opposite data transmission voltages occurring in the two wires 
1 and 2, which voltages are, however, relatively small. 

Furthermore, a joint outer insulation 16 is provided. 

The two wires 1 and 2 are mutually twisted in a way which is not further 
shown in Fig. 2. 

30 To make optically optimal connection points, for example, for network 

couplers or the like visible in the network connection, the outer insulation 16 may be 
advantageously formed in such a way that the position of the two wires 1 and 2 in the 
network connection is visible, i.e. the twisting is recognizable from the exterior. Moreover, 
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the twisting of the two wires may be advantageously interrupted so as to provide optimal 
connection points on the two wires 1 and 2. 

The cross-section through the first embodiment of the network-connection 
according to the invention, as shown in Fig. 2, illustrates that both a data transmission and a 
5 terminal for a voltage source can be established via a network connection which is actually 
built up in a relatively simple manner, in which even the mutual insulation of the wires may 
be relatively simple. 

This is also shown by a second embodiment shown also in a cross-section in 
Fig. 3 of a network connection according to the invention which also comprises two wires 1 
10 and 2. However, in the second embodiment shown in Fig. 3, both wires 1 and 2 are provided 
with a thin outer insulation 21 and 22, respectively. For example, a thin lacquer coating 
which can be provided in a relatively easy way is sufficient for this purpose. Basically, this 
insulation may also consist of a synthetic material coating. It is alternatively possible to slide, 
for example, thin tubings on one or both wires 1 and 2. 
15 The complete network connection is surrounded by an outer insulation 21. 

Fig. 4 also shows, in a cross-section, an embodiment of a network connection 
according to the invention, in which the two wires 1 and 2 are constituted by stranded wires 
32 and 33. 

In Fig. 4A, the stranded wires 32 and 33 are mutually separated and insulated 
20 by means of an insulation 34. The complete stranded wires 32 and 33 are embedded in an 
insulation 35 so that they cannot move with respect to each other, and the insulation 34 
ensures a safe insulation of the two stranded wires 32 and 33 forming part of the two wires 1 
and 2. 

Fig. 4B is similar to Fig. 4A, showing wires 1 and 2 constituted by stranded 
25 wires 32 and 33. However, in this case, not only an insulation 34 as in Fig. 4A is provided 
but also a cladding for one of the stranded wires. In the embodiment shown in Fig. 4B, the 
stranded wires 33 of the second wire 2 are completely insulated from the exterior by this 
cladding 36. Here again, the two stranded wires 32 and 33 are embedded in an outer 
insulation 35. 

30 All embodiments shown in the Figures show that the network connection 

according to the invention may have a relatively simple structure because only a simple 
insulation between the wires 1 and 2 is required. Nevertheless, it is suitable for data 
transmission as well as for energy transfer. 
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CLAIMS: 



1. A network connection comprising at least two wires (1,2) for electrically 
connecting network users (3, 4, 5, 6, 7) in a network, characterized in that the network 
connection has a symmetrical structure and the two wires (1, 2) are twisted, in that the wires 
(1, 2) are mutually insulated to such an extent (13; 21, 22; 34; 35) that they are suitable for a 

5 symmetrical, differential data transmission, and in that the two wires (1,2) have the same 
electrical resistance and jointly have a cross-section which is suitable for energy transfer 
from a terminal of a voltage source to network users (3, 4, 5, 6) via both wires (1, 2). 

2. A network connection as claimed in claim 1, characterized in that only one 
10 wire (1; 2) in the network connection is provided with an insulation (13; 21). 

3. A network connection as claimed in claim 2, characterized in that only one of 
the wires (1; 2) in the network connection is provided with a lacquer coating (21) used as an 
insulation. 

15 

4. A network connection as claimed in claim 2, characterized in that only of the 
wires (1; 2) in the network connection is provided with a synthetic material coating (13) used 
as an insulation. 



20 5. A network connection as claimed in claim 2, characterized in that only one of 

the wires (1; 2) in the network connection is surrounded by a tubing used as an insulation. 

6. A network connection as claimed in claim 1, characterized in that the wires (1, 

2) in the network connection are formed as stranded wires (32, 33), and in that said stranded 
25 wires (32, 33) are mutually insulated by means of an insulation (34) or a cladding (36) of one 
of the stranded wires (32; 33). 
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7. A network connection as claimed in claim 1, characterized in that the network 

connection with two wires (1, 2) each has a double form, and in that the two network 
connections are twisted. 



5 8. A network connection as claimed in claim 1 , characterized in that the outer 

insulation (16; 25; 35) of the network connection is formed in such a way that the position of 
the two wires (1, 2) in the network connection is visible and in that the twisting of the two 
wires (1, 2) is interrupted. 

10 9. Use of a twisted double cable as a network connection in a network, in which 

both a symmetrical, differential data transmission via the two wires (1,2) and an energy 
transfer from a terminal of a voltage source via the two wires (1, 2) of the network 
connection is realized. 

15 10. Use of a cable having at least two wires (1, 2) for electrically connecting 

network users (3, 4, 5, 6, 7) in a network, wherein the network connection has a symmetrical 
structure and the two wires (1, 2) are twisted, the wires (1,2) being mutually insulated to 
such an extent (13; 21, 22; 34; 35) that they are suitable for a symmetrical, differential data 
transmission, the two wires (1,2) having the same electrical resistance and jointly having a 

20 cross-section which is suitable for energy transfer from a terminal of a voltage source to 
network users (3, 4, 5, 6) via both wires (1,2). 

11. Use of a network connection as claimed in any one of claims 1 to 8, wherein 

the positive terminal is coupled to the network users via the network connection, and wherein 
25 the negative terminal of the voltage source is coupled to the network users via the chassis of 
the vehicle. 
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